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#AT £ . *- F B » *ft8e*fcr$- * 18 1 ©#g 3 . 
15 4. *-FC9£fa^^;l'*©ilWiIUgi&&* 
fflat Ztcib®M2 ©#K 10. 1 4 £« 'J >*td£ife 
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[ n^m i ] 'J>z < £ 4) 2 ®5i©et*n©igg-e jiwifl 

jg-rfc/c*©*- Fa v t y>5'u--y*fflt>fc5fcss.& 
©«MBHKwe8arc*-9-c. 
uey^ytcstftsivt^-c. *-Fo?i'?HS**8o 

T*i»l©#« (3. 15) i. 

r*- fci 7 *> je^w*©ao£uai^s*»jiT 

6tclsb®m2(D&& ( 1 0. 14)££<1A. 
m%i<0'ptt < £ <&> 2 it3I©et*a©?&g £ . fiS2©4>& < 

£ *> 2 ^©K»©$SK-eh*ft*tjs b x , Biriam 2 

©#&T*SI*d;* hfc4>& < £ (&> 2 aS©J3S&£ 
l»rS^i«Siia5 a n B©KS»»«Ftt%SI»T5G £ €r 
Ifai-T-St- Fez 5. i> >; >yu-1f%fflt^c3feS|5p D a © 

[nw©afffl!tci»w] 

[0 00 13 

, WIS. |>»4»J:D«^IiMrtfteh4*a^a^ 

fe!t#s©a'j^«:^to y . #(c»tfe«i©^*f s*5/Jn 3 

[0002] 

ffcTSJURr* .&«g#«©$J5gtt«T©.£*6ii&l? £ 

f5^ga*|Sl±Sli-5fc«>K. ^^©igSrlffl 
<fS. L-#>U $g#t&©&S#7T^tofc'-0l,x 

*. S!l©-gP»tBMW(Cjin-Cjt*. IS»»K'<^^© 
»ttflfftri,*5£l.>$raiBrtJ££-f*. t©igg#tfc 
©^Wtt^vu^iB4ffl< ■T4a« , rs«^# < «t*. 
[0 0 03} C©*§£. SS^^tbftT/h5l»3fe7 
7 -f 'imtBTiC ttcj: y?ftfi»tSt©»**^< t 
T*GiS*fT$ C £ b ojfgf WkfftftMSVti: 

s 6K3nt»j&"Wx*j: y Et>jKSf?«Jcji oxffiffl-r 

SC£##;Le>*vct,>S©-c. *©<k5&/J\St>&£# 
tt*«JSJ:<»3&J-*C4*«WC**. Sfc. •£©<£ 
5 &ttl>*^**ffil»iSUH»*lcM -5 T HUBf S £ # 

ss^bmwjcnjb l r *5 y . 
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[ 0 0 0 5 ] ma&ttmmamm&mt l 

•C. ft£¥2 - 3 3 9 7 1 #ftf8tc'J§83ftfcfc©a$a 

s. «T*©rts*fitturii98-r*. comm. 

*&&8T%*g&L. C©*«QftS*»6©HttJt* 

-7©J^»«©SMfc*&*--*- F*7 7 
10 S#tfr&#©-ct>*. 

[0006] c©ans*s*H5 KS^t»ritt?B-rs. 

^6ffll*5n^*»JS3feS|Jp a n2KA^b. »J5e# 

sp D D D 2 *> 6 ai» & t\icft*m&m 3 jet -p T^©^s 

"ti$!ll®ll6£3>7 t >-y-7 i«r^l/TlKaS©43W*P- 

if ltcEnfflj-rs. c©*^®#-c^#i/— y 

1 ©AjH«tt«M»-rsc iKJ:->T*-^«lttJ- 
20 £>„ 

[ 0 0 0 7 ] jft«f . *f»U-f 1 *»6lUWS*ifc** 

8{cj:-5-cai«jti©«!ss:a | J5e-r*. «i-fiii 

MS^S (@^tf-f) tcJ:o-C-S©Sg{c«fcn. a. 

iiWsoj:«jeaE/wr^«b6i«tfts*i. ^e-tcg?^ 
©was hfc«sws^*«c©a»-n^ r^w»K«is 

[0 00 8] C©4t. *»*U-1fl*>6H«*Snfc 

3t*«««flr#i & -3 -c^# u — y 1 Kiisa-r * ^ 

30 (i-ffi©^tiS£!iy. c©^-y«t*»J:c««fi^ 
#«H* 5 £ t ©SJWKtgSjf 5SSSKJ&S*S?ffiS£ 

^T^iAiiDS. ira©itii@$*x/cm^,m^*-gi5^ 
tts*. 1 o^-cc©f£fi^jS8&*j»JS 

©T. C©J:^tCLT. MaiJ^*SI5 D n D25:#t?Jl'-7'© 

[0009] JWC.- @®gg-c«/c^szgg?ragsijai 
gocj:->rKie-rs£, *^#u--tf lJcfc-atHWS 
irS*©«S*SS!{bf 5©T. ^©^S?:SlS-rS„ C 
40 CTWJS5U5 0 n p2(C)gS^t!( > -rftfc^jBft-rS*© 
i^fi{c.i:o-Ci¥jSS*5^^t4H***£. «9HS%« 
pa 2 ©ft^lflSii ( = tOUMtft 3 x «T. 36 

*qtt>*©r«*jna«t>»fcr*. c© 
UdRrB»b0fc»iMli!BR*i!l3&r*ciKj:»). X 

[0010] **issA{cjtrsa*^jga*f £r*' 

£. »*«««f ttSlftBKIt*S6©«fc5K«3*iS. 
f=l/(r + T) •••(13 

cct, t ttmimycus, 2 ***aar ssfiiMBt 

50 181. Ttt±iW-y-$®mm%mi,2LM<D%lft$:% 



[0 0 1 1 ] &g£A*>6> A+AAtCg*.fc£* 

(C»JSift»#ffr6f + Af-vgfbl>fc4U (D* 
iH»fc*Ti. *©«fc5fcftS. 
f + Af = 1/ (r+Ar+T) "(2) 
CCTAttt, M'iS«D D a 2^:SSA+AACD^ii 

[ 0 0 1 2 1 (2) - CO OUfftfi 9 4, * 

D^Ar/ (LxAA) =-Af / (f 1 x L x A A ) 

•est 3*1 a. f. Af; Lto£VAA%mm 
s. 

[00 14] 

T v *t^B3tcAt*3ti**rtt*r*<K 

20 

[0015] ? ftt>%, %mt\%3, w*$Mim<Dy4 

tt. JW©»ft«ftS**:i*©a!3E«:4il,>r (2) 

f +Af = 1/ (r + Ar + T + AT) »• (6) 
( 6 ) Sr^T ct 5 «C-«»fi#©SiBS«FBiaAT*s 
«£U timt±> 36©8aHSeiBaAr 30 

zaJS»a n a 2 #SR©*7 r -f /*©»&& £"CBA r > 

a»©»«iKaffl©7-/ji/5?4rttca>AT 

[0016] ±B©«^ffi©ffi©OT4 L/T\ S*J1 40 
ajj£*8&&2 4 1/CfiS 1 0 0 m<b%V 7 4*&tK1i 

[ o o i 7 ] *fc. fe*&ffi<D%\<»mmt lx % sn* so 



(3) ftPjRUO-3 07 0 7 8 

4 

*Af^-Ar/(t + T) ' =-Arxf J -(3) 
4ft*. U/c#ot\ f&J:tfAf £»CET*C4KJ: 

Ar^-Af/f 1 -(4) 
£0, SaSWHilAr^tWShi. 

[ooi3] &MtkD\*m&&si>M<Dsmmm 

iiAr*iftfi"C»#L/c«>©-C**. WS^SPD a o2(D 
«HW&S3*L4-rS4, «SiMfcD«:fflHttK: % 



-(5) 

4 to J: c«f MB 5 fcfcias-c * 0 % 3 h cc^ses*: 4*©JM 
©£a##gK:&s©-c. jJB©iHHww»s*rci»& 

[0 0 18] S6K,.aa^©*>5-o<3!)8RH4 0 

wcb % mm*%M£ oxmsft u— tf 1 jwbi» e>n 
i«»tk*«sE-r *fc»«:ttd>ft < 1 1 2 -3©»& 

ofcl^llHSlwafC**^ *©fca&fctt4£*f* 

Ks»bs**4W*3B©«fit>»br*it)r*wuT 

[0019] &fi#f*©iMS#!#g4 3 

ft£j£il#I?> fc4A«36a(i^xf-A©Stf{cfec»T 
3S3R-CK5 0-1 0 0nm(D»S«Iot«g 

laffl tc M o r ffl** t W b s 4 c 4 or * 
u-iffcaqtttorc^fe©©, *©flBs«fi&6raf 

<. Htttt4ttl»ji&lrV 
[0020] 

U— If© »J > ^4r^^SJ^*gUo D p 2 ^r^AT 4 C 4 «: «t 

^xmmym&'i ©aatjMJttttSraDef sfc*©* 

tvc. Fn^^^ii^^Dl-^lQ#g3, 15 
4. Ko 5r ^»!B©M'iU^©ar)ii( >/ Ja«8»*ttftJ 
-rSfc»©»2©^Hl 0, Ui^, 8?ia©^^r 
<4 4>2SffiCDU^]©^S4, «TE©il>&<4fc2«a 

©R*o©ttficc^n*n»isor. mffa^2©^g*c^ 

»Stifcfl>tt< 4fc2flBfB©««»4K:*-^l»r3Ktt 



(4) 



1 0-307078 



20 I*. 



fp v $ y >v\s-y*mwc%u&om&m\ 

[oo2i] -rfcto*. afiajR^^fli^/rt- fp 
» * y > y u-tf© y > * *«c MK^a 2 a 

Da=At/AA = -Af/(.f J XAA ) 
[0 0 2 3] 10 

[&HQXllKD£tt] «T#«Wfctot:f4*-- Fp v 2 

4. *miz&&o : &&ftmm®m 

. 5fc-f y>^u— tftoJrtf-t-FP? *y>yu- 

[0 02 4] **IWOffl*t*!^TOA*K:Rr y 
[0 0 2 5] ±iecD U >*U-tf©£fiifcR«, #t§@ 

a*Jjay>^+R:R^n«j:i». c^tsi, j&gu 
ft4«sru-tfffl*3Wff&h4. ttfiatR#R^6 

y y?*4. 
[0 02 6] ±iay>^u— if (iftfi^Bty^yi/— tf 

■w. **y>ytJ«HT*JW« (HT. SMtttt 

^-Fasr^yvyu-lfiW. *fc. ccDSfittUR 
**-Fn**«BfciM. 

[0 0 2 7] H2 4ffll>«-FP^?aBt 

^^U^JOBBaK^^TKW-rS. 02 (a) ttB$H 

»tttt^H-c*a. *fc, B2 (b) BffE*'< 
[0 02 8] S2 (b) (c5*3*m>4J:5K:. jfrw 

(*-f) tm*tiz-M®%m®mmmmo%w 

*MtfM:&HKUn>4. *fe. fre-F©tt«W^- 



* [ 0 0 2 2 ] ft to, »^7t§Pa n a 2^m^7feT -f y u 

- * 5 tc«»o@!S©7feSPD a a-c^ s tin » 4J££ 

«60»ft«ttC!>ai3i*ctt^fift4»3&i*S. ivc/ 

1-4 4(4) S»«t»"Cifitt«K:(7) 3re^ft4. 
-C73 

sw«Son^ c ft to, SHHttfttt, «nffi« 
[0029] t c6vmmm<omt^co mm® 

ZStotc) 7-yxSmttl#lOBBjRK*4©-C, * 

FtRia^r, *ne»©*- FB©tt«*— 

4&#/W;^JK:ft->n>4. Cti***- Fp***HB 
t&4 b *-Fa**$^*IIS;Si*4fc&K«\ 



30 



40 



50 



[0 0 3 0] *-Fia»*y>yu-lfM\ Sfefc, fig 
MS*- Fp v >? y >yu-lf Fn 7 * y 

>^U-tf <h*C*8lJ3*i4. «6»Sia«SOJIW3:, 

[ 0 0 3 1 ] y >^ u— if Jl&ftcc 
«. ^©y>y*^et>4»i^@0 42EiEiocDM^ 
ra«ftcff?toitBr*4. -t-FP?*y>^u— «raa 
*/^^Jd*»a*«turiE<«ra3hn»*. 

L*U *jBH-ci«-Fn?^y>^u--»ft»*ja 

>yu-if««^tR#e^rufe^-cttftc^. 

WIBtB, 4>ft< 4fc2«R(Diftfi-caiR«Jtc*-F 

aa«3e*aa3&se- F n » ^ y > y u - tf o y > y*«c 
»A$n4£^*4 a 

[0 0 32] WT. IBlt»l»T*-Fn9^y>yi/ 
0fg^6 1 0 0 OfifcJWM-sajB-CiS. 3SKo£0|S 

[0 033] V 7 4rt7>7izmn<Dfty 7 ^(C*± 

<0**«^-r 4 C fc Cc J: 9 A**©fiiB*»*IS *4ffi 
if*5^tta*a^©^dtcte??t4^, 10 
0 0«H±CD»(B**»4C£fcPltBr*4. 

3W»6n4A**©tt«»*w, ^Jjn5n4#±5S7c^ 

«CtJ:4^ HttK5 0nmgR-C*4. 
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[0 0 3 4]-*. *»#T>^tta«0*3H*U-1f 

tt-«fcl 0 0nmgS<b7T-/^7>^(C»l/rj£ 
[0 0 3 5 ] **W"C«, -t-Kta^^yvyu— !f© 

[0 0 3 6] *tifc»-ra 
ss*js«Rf + a f i*6iftfi»«**«>&*a;*» 
sw* < 4 fe 2 MbwgcoattrwinKMi'r « c 4 

[0 0 3 7] C©»fiiWJ#«4 OTBffl?^ WSpSSL 

aaisi*«ci»sai'c*s. w9J^aft«flt4L-c. 

««WK«fflTSfc©9#*S. ?5«fitt> 1-3 nm 

£74** *4>* < 4 2 asu&s b (m^mmm 

[0039] «fia«^ia:T* sifts o]*5fc7 * i 
2-c«. Ba£shTi.^aaff«©*£«fi%»i 

6tiS«K*- Fp *»&<D»&»54 0T<£ffiT 

[0040] ££nsi*. *h*aa-r m 

4ttffiBH«* J »«:#ffl'C*4. HlTtt#8B»4l, 
rSWHBiai 3*<WBL"Cl»S. 
[0 04 1 ] t ftfeSKSHS 1 3 SfctttttffiQBB* 




(5) f$P3¥ 10-307078 
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g-c**. ©#«cB3jttti*C4Wt fc jEB&EflTOPtH 
£„ ft*, coj:5aaa*«*«:#jj(ftfc©r<c< % - 

-Fp? 

[0 042] '36aMS©tttoO fc?Hifi%5*m*JBl> 

io &*-FP»^y>^u-ifttaiiiH*-FP7^y> 
* u—^waa*. Mi&ft9JiR4tt.' aia-r 

a«itttc404©r, fiaaa*-FP^^!;>yu-if 
k* w 4 xxmb 4 Ht*oft**si»6 . 
[0043] as©*- Fn^ y >^u-ir?i**r« 

>^u-ifr^S&^a^^i)gji-^»attS^- fp * 
20 sfrtt^FST*s. ft** 5fc* 

[0 044] #«S#3*«»4 pJfiWRjRtttf 
fco4fcHBWWBlr»Mi*. !5IWWKtt4tt. AM 

o (ch*wR3»Bia-r&4ii>5) . iKi**yc*<ft 

6*9&ttlt«^Wr**BB©C4*l»5. 
30 S. ^ttfn«UR#*36^^ajftT-S4**#*4. 

4. wowsfiau aara*o^ia««fcit*r 

4*©**3&J*Dr. aaTS*©^^*fc**T 
S. 

[0045] l/c^ot, tt*W«caiftLfc3^^^B 
. aaflJ^tt^Ti|H©ttt»Jtttw>Vl/XK:ftoTt>4. C<D 

c4«, ttttst^-FPy^y^yu— !fcc*iir*SE 
40 as 4 urssaasis 1 3 ^^l/c«^4^o^j^ 

?rfefc6T. ftfc s SibM*- FP7^;>^U- tf^: 
[0 04 6] *-FPy* , J>^U-1f»y>y*KH 

ti^tinrasA 2 4 or b % j6QiKi(c««3Kaa 

*T 4 t©t £©c£ 5 ft t ©r *iB3EpJtBr* 5. 

tt, lOOmHT03E7 7 ^ u>X *7>^, t£ 
50 [ 0 0 4 7 ] 8 r . HiTiE^fcjiaitti 1 1 . «SiM 
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ttsssts 1 3 * /c MMm;¥Mnvft&®®TZ> y 

[0 04 8] Sfc. C©»J>y*fc»A3ft*IH»E« 
WD2tdftt*tl*tl<0H»i, JSfflttCCttffift©JIB 
#r©B*W5*-C*S. fcfcU *»KttS«tf»JR 
*ft*ft©«Fttfcft#LT. *a&E*W3*r*c4 

■MttfeWMraS4va»S©"C\ ***«S1 lOdLtttCB 

y 4)i$\ 2©fi:fgfc» 1 *fc*ft#&tfhtt, »JS 
*»S2 4, jf^8?*SttKSH81 3 <*fc«# 
SgSft^lt) 4*tt«U *©+r*rttf«#A*©- 

[0 0 4 9] WJd^TSfciSK:* 5>fc< 4&2MS 

mm&vfozmmxffl^zwAbx^z. com 
aBc^-Fatr^jsstiikjart-san^ai. *-f 

[0 0 5 0] ?[#»*Hi*ffl^rKwrs. Hitt* 

[0 05 1 ] *-FP7*»©»tt*Wffll/C, S* 
[0 0 5 2] fe«ffl*-Fn**y>*U-lf*<BBt, 

©^;ia©»»)iiuas», hja#/wx© 
«QiBLja«k«nrr«*io^£& % #^8©§! 

[0053] ffl^jt^^ca^jBLjaifttttaers 

* 1 ©*tttt, mmgVttb 9 t£jmS£4W*;B 
^fc*6S*- Fp v >? y >yu-lf t«HLfc»^K: 

[0 0 5 4] *^5SSOXPS«ft«r»^S»2 

©#8w, !BW*-Fn»^y>yu^if«)fWS««c 




(6) 0- 3 0 7 0 7 8 
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[0 0 5 5] ^iB§r**&ggiBg 1 3 ©£HStt 
Kt»<*36rt*rtt % #»©ft#JBL Bi©»ctt«-s| 

*«^**a*worusci*Hu»i-r^ *© 

io *-FP9^s©^vux©^9jiuji-<ga^^or5 
fc»©»2©Mrc**. c©£#. fi^ja«»«nfi 

0, ttfc»^*J:5&*«fcJ:oT*~FP**jail, 

n » s c 4 jwjbt * n tf , * ©b# *©fi^s[©{i# 

ft:. ■=&- fU9PV> *U-tf ©^HSaS*fct4*© 

■cn + 1 «*fc»n - 1 «ra£§M^*«^6t * 

20 14. (1) S©f fC»*>tt6&K 

[0 0 5 6] HT. *-FP***MtWarJ-S*l© 

*«fcoi»TiMrr*. jHftjnB3acx*nic 

gS!3nfc^>n^3-^l 5£ffll>5„ tctcb, CO 

[0 05 7] Fp 9 *8j5«tf&rr*# 1 O^-Wi 
14. j&ttBSl 1, «*BW?^R-C*-S«RTO67-f 
l 2, t^^»n D B 2toJ:i«l6a»Br*55^g 
. ns i 3 */ct4*KS*^iiM'c*^pjfiain»iRft4^ 
30 e«j*sn5y>y{cgtt3tiTi^. ^lt, c©y 

> * fOXBHBKK 9 * 3 ft, #tfc»8 3 
.TlS^Uftitl^ttjfe^^^ ^P«S^©tl^4^-7 

•f) . *«k*«3©ffl*fli#ta*©*t/p^3'-^i 

JbEHI*«*4il^^xWK:»jSLr^^«#4&* 

[0 05 8] *2/n^a-^l 5fc« % W-»hy*«# 
40 «r£*4-r-5fe©4 % f2*<bL3Ccl»*>©©2«H3&s* 
^„ ttttS*- FP ^ ^ y >^l/-1fr«?f 
4 l rfi^^s l 4 tm&t 2><DV % C ©«-»**F» 
h y ^«#4 LTMfflT* 4. 0 1 ©#Ci*, W-SP h y 

[005 9]$fc, *-FP^^«g*«ftl««©# 
K4^r. 3B(l»3*J:0 t *5/nX3--5 r 15t«l» 
sttotc, ^ h y-^*y^*fflt»"c*/<^yil3W»S 

50 [0 06 0] 



10 



20 



[006 1 ] mssteffWcfc^ttt, H3cc5wj:5 
6*/m/c><7--*-£i 7tca«. ffiJUoiJs 

y 1 6©Mitw«, *««S 1 1 Ottffi&ttSe 
j«ii»«*i*«iBft'C*44JJ:*JSl OkHzfcSiS 
S-tfS<fc9tc»3&T-5. 1 7(cfcorfJ5£ 

IfOSSm 1 9 9 5¥t^iil?#^ 
B - 1 1 5 6 ) . C 9 Fn * *2ag©tf 

««*lHzoaifl[rilE«ci*J-c*5. fcfe. El 
3©*©ftO«J5SEBH 1 i5Jt£T-&*. 

. [0 0 6 2] JKirttMbfccfc^ccur, *s*«sa 

it, t^j^sfi2<cft^tbP*hK. Kansas 
n a n 2©#&gam>o, «jg«»#s«M-s. senx 
itxxmmkt +Af tajtrtitf. err, fi^sr^i 

[0 0 6 33 rtttoft, ^>«c< <bfe2«Woi»D©»S 

<b^6. M^7^o D D 2cD®fi^^tt^^ai)6n^ 0 
[0 0 6 4 ] CCt. (4) *r>#6*ifc8ilSB$BilA* 

(Af, + Af, ) ■/ (2x f« 

Da = - (Af, +Af x ) / (2x f 1 XAA) 



(7) »H¥1 0-307 07 8 

12 

*rtt, ttffl£3^fi2©*K:J:S»jliiB#lH«AT B 

»&^^wsmnsAr t tonrcio, cms 

8B3£«:tt^ottiE*ff5. 

[0 0 65] M^^ 0 a 20Al^iaj^^$^S 
ttrmiij£mP D 2 «fct>fc*- Fn v >? y if 

iWS*»o a n**A 0 fcB$fcf# ?> titcA x 1P h C (DA x t 
fcSOSKC&JCfc'K Ar« Ar„fc 
<fcO'C5) SJ:tK «a9S5e» 0 a n2O*©as»it3W»6 

[0 06 6] fcfc, Se3K^^fe^TI5ttK:J»J©e» 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has alternatively the mode locking ring laser which can be oscillated on at least two kinds of 
known wavelength. It is the wavelength dispersion measuring device of the optical components using the 
mode locking ring laser for measuring the wavelength dispersion property of the measuring beam-ed 
components concerned by inserting measuring beam-ed components into the ring of this mode locking ring 
laser. 1st means to be connected to said ring and to detect a mode locking oscillation (3 15), It has the 2nd 
means (10 14) for detecting the repeat frequency of the pulse of this mode locking oscillation. At least two 
kinds of aforementioned known wavelength, The wavelength dispersion measuring device of the optical 
components using the mode locking ring laser characterized by calculating the wavelength dispersion 
property of the measuring beam-ed components concerned based on at least two kinds of frequencies 
detected with said 2nd means respectively corresponding to at least two kinds of aforementioned known 
wavelength. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which" can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the wavelength dispersion measuring device of the optical 
components using the mode locking ring laser to which especially the absolute magnitude of a variance 
measures small optical components with a sufficient precision with respect to the measurement of the 
wavelength dispersion property of optical components performed in the phase of research of an optical 
transmission system, development, and a design. 
[0002] 

[Description of the Prior Art] Measurement of the wavelength dispersion which is the phenomenon in which 
. the group velocity of light changes with a frequency or wavelength is needed from the following points. 
First, when it expresses a light pulse with 0 of a bit, or 1, in order to raise transmission capacity, width of 
face of a light pulse is made thin. However, if ah optical fiber with wavelength dispersion is made to pass a 
light pulse, some spectrums will advance early relatively, another part will progress behind time relatively, 
and the problem of collapsing will generate a pulse form as a result. The effect of this wavelength 
dispersion becomes larger, as pulse width is made thin. 

[0003] In this case, in future optical communication, although it is also possible to lessen effect of 
wavelength dispersion and to perform optical transmission, when wavelength dispersion uses a very small 
optical fiber, since it considers continuing and using a still thinner light pulse for a larger wavelength band, 
it is required to opt for such small wavelength dispersion with a sufficient precision. Moreover, since it 
becomes impossible to disregard not only an optical fiber but the wavelength dispersion property which 
various optical components, such as a lens which exists on a transmission route, an optical amplifier, and 
an optical isolator, have when continuing and using such a thin light pulse for a large wavelength band, it is 
necessary to measure those wavelength dispersion properties and to grasp the effect which it has on a 
transmission route. 

[0004] It is important to use positively the part in which wavelength dispersion exists, and to know a 
wavelength dispersion property on the other hand, when compressing a light pulse, or in using special 
pulses, such as an optical soliton. 

[0005] There are some which were carried by JP,2-33971,B as an example of the measurement method of 
the conventional wavelength dispersion property. The contents are summarized and explained below. This 
measurement method carries out photo electric conversion of the light by which carried out incidence of 
the light by which outgoing radiation was carried out from the light source to single-mode optical fiber, and 
outgoing radiation was carried out from this single-mode optical fiber with an optical/electrical converter, " 
and it constitutes a loop formation so that the output from this optical/electrical converter may be 
returned to the exciting current of the light source. And it is asking for the wavelength dispersion of 
single-mode optical fiber from change of the oscillation frequency of the loop formation when changing the 
wavelength of the light by which outgoing radiation was carried put from the light source. 
[0006] This measurement method is explained based on drawing 5 . That is, incidence of the light by which 
outgoing radiation was carried out from the semiconductor laser 1 of the ** spectral band width which is 
the light source is carried out to the measuring beam-ed components 2, and the light by which outgoing 
radiation was carried out is changed into the electrical signal which is proportional to luminous intensity 
with an optical detector 3 from the measuring beam-ed components 2. This electrical signal is amplified 
with an amplifier 5 through the filter 4 for band passes, and it is impressed by the above-mentioned 
semiconductor laser 1 through an amplitude limiter 6 and a capacitor 7. And a loop formation is constituted 
by controlling the exciting current of semiconductor laser 1 by this electrical signal. 
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[0007] The middle, t^Jffght by which outgoing radiation was c^^J out from semiconductor laser 1 is 
branched in part by the beam splitter (not shown), and the wavelength of outgoing radiation light is 
measured with a wavemeter 8. It is maintained at fixed temperature by the thermostat (not shown), a 
direct-current bias current is supplied from DC power supply 9, and semiconductor laser 1 is superimposec 
on the electrical signal with which the above-mentioned was amplified further by this direct-current bias 
current. 

[0008] At this time, the light by which outgoing radiation was carried out serves as an electrical signal from 
semiconductor laser 1, the loop formation which returns to semiconductor laser 1 serves as a kind of 
oscillator, and an oscillation produces it by making the frequency equivalent to a period in case light and an 
electrical signal go this loop formation around into fundamental frequency. A part of electrical signal with 
which the above-mentioned was amplified is branched, and this oscillation frequency is measured in 
frequency counter 10 grade. Since an oscillation frequency and fundamental frequency are in agreement 
with this technique, it means that the fundamental frequency of the loop formation containing the 
measuring beam-ed components 2 was measured. 

[0009] Next, if the temperature maintained with a thermostat is changed with a temperature selector, since 
the wavelength of the light in which outgoing radiation is carried out by semiconductor laser 1 will change, 
the wavelength is measured. If wavelength dispersion, i.e., the property in which group velocity changes 
with wavelength of light to pass, is in the measuring beam-ed components 2 here, since the optical 
distance (= it is called optical length below physical die-length x refractive-index ) of the wave measuring 
beam components 2 will change, fundamental frequency also changes. With this technique, it means 
measuring the fundamental frequency which changed by measuring the oscillation frequency which - 
changed. 

[0010] When fundamental frequency to a certain wavelength lambda is set to f, fundamental frequency f is 
theoretically expressed like a degree type. 

f= 1/(tau+T) — (1) Here, the group delay to which, as for tau, light passes the measuring beam-ed 
components 2, and T are group delays to which light and an electrical signal pass parts other than 
measuring beam-ed components 2 in the above-mentioned loop formation. 

[0011] Next, when wavelength is changed into lambda+delta lambda from lambda, fundamental frequency 
presupposes that it changed to f+delta f from f, and it is (1). It is as follows when expressed a formula 
similarly. 

f= 1/(tau+delta tau+T) of f+delta — (2) deltatau is an amount showing which is in the time amount to which 
the light of wavelength lambda+delta lambda passes the measuring beam-ed components 2 to the light of 
wavelength lambda called a group delay difference here. 

[0012] (2) - (1) When it is operated, they are deltaf**-deltatau / (tau+T) 2 =-delta tauxf 2. — It is set to 
(3). Therefore, it is deltatau**-deltaf/f2 by measuring f and delta f. — Group delay difference deltatau is 
calculated from (4). 

[0013] Wavelength dispersion D differentiates group delay difference deltatau per unit length on 
wavelength. If the physical die length of the measuring beam-ed components 2 is set to L, wavelength 
dispersion D is on an approximation target D**delta tau/(Lxdeltalambda) =-deltaf/(f2 x Lx delta lambda) — 

(5) It is expressed. From an upper type, the wavelength dispersion D of the measuring beam-ed 
components 2 is calculated by measuring f, delta f, L, and delta lambda. 

[0014] 

[Problem(s) to be Solved by the Invention] As mentioned above, the expressed conventional technique is 
light until incidence of the light by which outgoing radiation was carried out is carried out to an optical 
detector 3 via the measuring beam-ed components 2 from the light source, and since the configuration 
which is changed into an electrical signal and returns to the light source as an electrical signal after being 
detected with an optical detector 3 is used for it, the following problems generate it. 
[0015] That is, it is the problem of the error by the frequency characteristics of an optical detector 3, the 
filter 4 for band passes, amplifier 5, and an amplitude limiter 6. The frequency characteristics which 
become a problem here are dependencies over the frequency of the group delay of an electrical signal, and 
it is equivalent to the wavelength dispersion property in optical components. In the measurement when 
changing the wavelength of the light source, (2) types are not specifically materialized, but it is f= 1/ 
(tau+deltatau+T+deltaT) of f+delta. — (6) 

(6) As shown in a formula, group delay difference deltaT of an electrical signal occurs, and seemingly, since 
it is inseparable, group delay difference deltatau of light and electric group delay difference deltaT cause 
with error. Although it is set to deltatau»deltaT and the effect of deltaT can be disregarded in the case 
where the measuring beam-ed components 2 are long optical fibers, effect of deltaT cannot be disregarded 
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in the case where th^^fevelength dispersion of the measuring j^^i-ed components 2 is small. There is a 
problem that the filter which frequency dependent [ of this deltaT ] was large and stopped frequency 
dependent conversely with the filter 4 for the especially usual band passes has a possibility that the stable 
actuation as an oscillation loop formation may be spoiled since the damping property of an inhibition zone 
falls. 

[0016] As other technical problems of the above-mentioned conventional technique, the problem of the 
accuracy of measurement of the variation of fundamental frequency is mentioned. For example, when an 
optical fiber with a die length of 100m is considered as measuring beam-ed components 2, fundamental 
frequency is about several MHz. In a frequency counter available now, measurement with a precision of 
1Hz is also possible for the frequency variation in this frequency band. However, equalizing the data which 
covered the long time and were measured from the effect of an electric noise etc. in fact in order to 
measure a frequency in the precision of only this etc. needs to be operated, and, as for complicated-izing 
of actuation, or long-time-izing of measurement, ** does not have ****. 

[0017] Moreover, the problem of adjustment of each part article which constitutes equipment is mentioned 
as another technical problem of the conventional technique. For example, although there is an approach 
using the filter 4, the amplifier 5, and amplitude limiter 6 for band passes as one example of the 
conventional technique, in this case, a passband, an amplification factor, and an amplitude-limiting value 
will have to be adjusted, and the ease, repeatability, and objectivity of measurement will be spoiled, 
respectively. Although there is also another example which does not use an amplitude limiter 6, since the 
filter 4 and amplifier 5 for band passes are required even in this case and equipment with a still more 
nearly another synthetic vessel etc. is needed, the above-mentioned problem is not solved. 
[0018] Furthermore, the straitness of the adjustable range of light wave length is mentioned as another 
technical problem of the conventional technique. In the example of the conventional technique, 
semiconductor laser 1 is usually used as the light source. Although the output light of at least two different 
wavelength is required in order to measure wavelength dispersion, for that purpose, the temperature of 
semiconductor laser 1 is changed. Although it has the property in which the wavelength of output light also 
changes if semiconductor laser 1 changes temperature, the adjustable range of wavelength is about about 
3-5nm. 

[0019] However, in the design of the industrial field for which measurement of wavelength dispersion is 
needed, for example, an optical transmission system, it will be necessary to cover the wavelength range of 
50-1 OOnm, and to measure wavelength dispersion in the present condition. Although the tunable laser to 
which the wavelength range only of this can be covered and output light can be changed is also recognizing 
existence, the price is very high and cannot say that it is general. 
[0020] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the following 
configurations were adopted in this invention. In addition, the sign adopted with the gestalt of operation is 
used. The summary of this invention is alternatively equipped with the mode locking ring laser which can be 
oscillated on at least two kinds of known wavelength. It is the wavelength dispersion measuring device of 
the optical components for measuring the wavelength dispersion property of the measuring beam-ed 
components 2 by inserting the measuring beam-ed components 2 into the ring of this mode locking ring 
laser. 1st means 3 and 15 to be connected to the ring and to detect a mode locking oscillation, It has the 
2nd means 10 and 14 for detecting the repeat frequency of the pulse of a mode locking oscillation. At least 
two kinds of aforementioned known wavelength, It is the wavelength dispersion measuring device of the 
optical components using the mode locking ring laser characterized by calculating the wavelength 
dispersion property of the measuring beam-ed components concerned based on at least two kinds of 
frequencies detected with said 2nd means respectively corresponding to at least two kinds of 
aforementioned known wavelength. 

[0021] That is, the wavelength dispersion property of the measuring beam-ed components 2 is searched 
for by inserting the measuring beam-ed components 2 into the ring of the mode locking ring laser equipped 
with the wavelength selection means, and measuring the dependency over the wavelength of the repeat 
frequency of the pulse when carrying out a mode locking oscillation. 

[0022] In addition, when the measuring beam-ed components 2 consist of optical components of two or 
more classes like an optical isolator, the definition of the wavelength dispersion which is an amount per 
unit length may be inconvenient to the expression of the distributed property of measuring beam-ed 
components. Therefore, on these specifications, the wavelength differential of the group delay difference of 
an optical entire component is defined as all variance, and is used. That is, it is (4) when all variance is set 
to Da. A formula is used and it is (7) in approximation. It is expressed with a formula. 
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Da**delta tau/delta^^da=-deltaf/(f2 xdeltalambda) — (7) [^fe 

[Embodiment of the Invention] The gestalt of operation of the wavelength dispersion measuring device of 
the optical components using the mode locking ring laser in this invention is explained below. In 
measurement of the wavelength dispersion property of optical components, using mode locking ring laser, 
this invention explains the concept of ring laser and mode locking ring laser first, and explains each 
component below. 

[0024] If constitute the ring which returns the output of an optical amplifier to the input of an optical 
amplitude machine, an optical amplifier is made to drive and a part of output is taken out the same optical 
output as the usual laser will be obtained. This is because it is amplified to the output limitation of an 
optical amplifier while light like a noise called the spontaneous emmision light which an optical amplifier 
emits goes a ring around so to speak. Thus, the constituted equipment is called ring laser. 
[0025] The oscillation wavelength of the above-mentioned ring laser is being fixed to the wavelength to 
which the magnification effectiveness of an optical amplifier becomes the highest. What is necessary is just 
to establish a wavelength selection means into the above-mentioned ring, in order to give a wavelength 
selection function to ring laser. If it carries out like this, laser output light will be obtained on the 
wavelength to which magnification effectiveness becomes the highest as an optical amplifier and a 
wavelength selection means being total. As a wavelength selection means, a wavelength good light variation 
filter is usually used. Thus, although the constituted equipment is also called ring laser, it is wavelength 
adjustable ring laser strictly. 

[0026] the frequency (henceforth fundamental frequency) in which an optical modulator or a non-linear 
optics medium is formed into the ring of the above-mentioned ring laser (wavelength adjustable ring laser 
is included), and light goes a ring around — or if a modulation is given on the frequency of the integral 
multiple, a pulse train-like optical output will be obtained. Mode locking ring laser, a call, and this oscillation 
condition are called a mode locking oscillation for such equipment 

[0027] Here, the relation between a mode locking oscillation and a light pulse train is explained using 
drawing 2 . Drawing 2 (a) shows the light pulse train wave in a time domain, an axis of ordinate is luminous 
intensity and an axis of abscissa is time amount Moreover, drawing 2 (b) shows the Fourier transform of 
said light pulse train, an axis of ordinate is the power of light and an axis of abscissa is optical frequency. 
[0028] The Fourier transform of a light pulse train has the form where the light of fixed modulation 
frequency spacing called a sideband wave (mode) to the surroundings of the optical frequency which takes 
the lead is regularly located in a line as shown in drawing 2 (b). Moreover, the phase in each mode is 
maintaining fixed relation. In addition, modulation frequency is in agreement with the repeat frequency of 
the light pulse train seen in the time domain. 

[0029] By the way, since the wave and the Fourier transform (topology was included) of a time domain 
have the relation of 1 to 1, in the optical frequency field, many modes are generated around a certain main 
optical frequency, and if the phase between those modes is made to fix so that fixed relation may be 
maintained, and the light is seen in a time domain, it is a light pulse train. This is a mode locking oscillation, 
in order to realize a mode locking oscillation — fundamental frequency — or what is necessary is just to 
modulate light on the frequency of the integral multiple 

[0030] Mode locking ring laser is further divided roughly into active mold mode locking ring laser and 
passive mold mode locking ring laser. The difference between an active mold and a passive mold is a 
difference in whether an optical modulator is used as equipment for a modulation, or a non-linear optics 
medium is used, and is mentioned later for details. 

[0031] Moreover, theoretically, as for the light transmitted in the inside of the ring, both right-handed 
rotation and left-handed rotation can exist in coincidence by the ring laser itself. Mode locking ring laser is 
usually widely used as a means to acquire a light pulse train. However, in this invention, mode locking ring 
laser is used as equipment which gets to know fundamental frequency. Although a wavelength selection 
means is not necessarily required for the usual mode locking ring laser, since it is necessary to carry out a 
mode locking oscillation alternatively on at least two kinds of wavelength, in this invention, the wavelength 
selection means for it is an indispensable component Moreover, in this invention, measuring beam-ed 
components need to be inserted into the ring of mode locking ring laser. 

[0032] Hereafter, each equipment which constitutes mode locking ring laser using drawing 1 is explained. 
The wavelength and the phase of light as which the optical amplifier 1 1 was inputted are equipment which 
amplifies the amplitude 1000 times from about 10 times, maintaining. With the present technical level, an 
optical amplifier 1 1 is divided roughly and has two kinds, fiber amplifier and semi-conductor amplifier. 
[0033] Fiber amplifier is what added rare earth elements to the usual optical fiber, and has the operation 
which makes the amplitude of input light amplify by supplying the light of the specific wavelength called 
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excitation light. Alth^^ it depends for an amplification factor^^fhe excitation intensity of light it is also 
possible to obtain the amplification factor of 1000 times or more. Although the wavelength band of input 
light where a magnification operation is acquired is based also on the rare earth elements added, generally 
it is about 50nm. 

[0034] On the other hand, semi-conductor amplifier is what vapor-deposited the nonreflective film to the 
both-ends side of the usual semiconductor laser, and has the operation which makes the amplitude of 
input light amplify by supplying an exciting current. Generally an amplification factor is about 10 to 50 
times, although it is dependent on an exciting current. However, generally the band where a magnification 
operation is acquired is large to about 100nm and fiber amplifier. 

[0035] In this invention, if it has the operation which amplifies light as well as fiber amplifier and semi- 
conductor amplifier as an optical amplifier 1 1 of mode locking ring laser, all can be used. 
[0036] In this invention, the method which asks for wavelength dispersion from the fundamental frequency 
f to a certain wavelength lambda and it, wavelength lambda+delta lambda after change, and fundamental- 
frequency f+deltaf to it is adopted. Therefore, it is needed for mode locking ring laser to oscillate 
alternatively on at least two kinds of known wavelength. 

[0037] As this wavelength selection means, the wavelength good light variation filter 12 is usually used. An 
optical filter is equipment which only the light of a specific wavelength band is passed, and it absorbs or 
reflects [ equipment ] and does not pass other light. There are some which an operating personnel controls 
by a thing, a personal computer, etc. to which a dial etc. is moved manually electrically as an optional 
feature of a passband., About 1-3nm is suitable for bandwidth. The light of desired wavelength can be 
obtained by using this wavelength good light variation filter 12 combining an optical amplifier 1 1. 
[0038] Moreover, since what is necessary is just to be able to set up at least two kinds of wavelength 
alternatively in the measurement purpose of this invention, even if it prepares at least two kinds of optical 
filters with which it was not restricted to the wavelength good light variation filter 12, but the passband 
was fixed (a passband presupposes that it differs mutually) and prepares a means which changes them with 
a switch etc., it is available as a wavelength selection means. In drawing 1 , the wavelength good light 
variation filter is used as a wavelength selection means. 

[0039] With the wavelength good light variation filter 12 which is a wavelength selection means, a means to 
usually get to know the main wavelength of the passband set up is prepared, and it is used in the example 
mentioned later as oscillation wavelength of a mode locking oscillation of the wavelength obtained with this 
means. What is necessary is to branch a part of output light and just to measure oscillation wavelength 
with a wavemeter (not shown), in order to know oscillation wavelength to high degree of accuracy more 
when a means to get to know the main wavelength of a passband is not prepared for the wavelength good 
light variation filter 1 2 or. 

[0040] An optical modulator is equipment to which the luminous intensity which passes it, a frequency, or a 
phase is changed, and is distinguished from a modulator on the strength, a frequency modulator, and a 
phase modulator, respectively. Especially in order to constitute mode locking ring laser, a modulator on the 
strength and a phase modulator are useful. In drawing 1 , the modulator 13 on the strength is used as an 
optical modulator 

[0041] The mode locking ring laser using the modulator 13 on the strength [ these ] or a phase modulator 
is called active mold mode locking ring laser. In active mold mode locking ring laser, the source of a signal 
of the exterior which supplies a modulating signal is required for a modulator. Being required of the source 
of a signal are that a sinusoidal signal is outputted and that the frequency is adjustable. In addition, such an 
item is not especially special and is available. [ of a common signal generator ] When the frequency of a 
sinusoidal signal is the fundamental frequency of a ring, or its integral multiple, a mode locking oscillation 
arises. 

[0042] The mode locking ring laser which used the non-linear optics medium instead of the optical 
modulator is called passive mold mode locking ring laser. A non-linear optics medium means the medium 
from which properties, such as absorption and a refractive index, change with the passing luminous 
intensities. Since intensity modulation or a phase modulation arises automatically according to pulse shape 
in case a light pulse passes such a medium, the same effectiveness as the optical modulator in active mold 
mode locking ring laser is acquired. 

[0043] Since a light pulse modulates itself in passive mold mode locking ring laser, the modulating signal of 
the exterior required of active mold mode locking ring laser is unnecessary in passive mold mode locking 
ring laser. In addition, the repeat frequency of a light pulse train is automatically in agreement with the 
fundamental frequency of a ring in this case. 

[0044] Most generally as a non-linear optics medium, a saturable absorber is used. A saturable absorber 
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means the matter in^^h the property in which an absorptior^^fficient becomes small when the 
luminous intensity which carries out incidence becomes to some extent large (it is said in this that 
absorption is saturated), and permeability becomes large is shown, and equipment. For example, it can be 
used as a saturable absorber by holding down the exciting current of optical semi-conductor amplifier to . 
below the current value from which a magnification operation is acquired. The time of a light pulse passing 
a saturable absorber is considered. A light' pulse carries out incidence, absorption is large for the time 
being, and the passing luminous intensity is small. Next, if a light pulse approaches the maximum 
reinforcement, absorption will be saturated and the passing luminous intensity will increase rapidly. When a 
light pulse starts to decrease from the maximum reinforcement, effectiveness contrary to this arises and 
the passing luminous intensity decreases rapidly. 

[0045] Therefore, the light pulse which passed as a result is a sharp pulse with narrow width of face 
compared with passage before. This brings about the same effectiveness as the case where the modulator 
13 on the strength is used as an optical modulator in active mold mode locking ring laser. In addition, the 
concrete configuration of the equipment using passive mold mode locking ring laser is mentioned later. 
[0046] As measuring beam-ed components 2 inserted into the ring of mode locking ring laser, if light 
passes theoretically, anythings are measurable. Especially this invention demonstrates a predominance 
fundamentally about measurement of the wavelength dispersion of the small thing of true length or an 
actual size. Specifically, an optical fiber 100m or less, a lens, optical amplifier, an optical modulator, an 
optical filter, a polarizer, etc. are mentioned. 

[0047] Now, in order to make it join together so that the ring which light goes around by the modulator 13 
on the strength or non-linear optics medium which is the optical amplifier 11 described above, the 
wavelength good light variation filter 12 which is a wavelength selection means, and an optical modulator 
may be made, an optical fiber may be used and space association may be carried out using a lens, a mirror, 
etc. 

[0048] Moreover, arrangement in the sequence of arbitration is theoretically [ including the measuring 
beam-ed components 2 inserted into this ring] possible for each arrangement. However, depending on the 
property of each of each component, the optimal arrangement may exist in fact For example, since 
spontaneous emmision light is generally added to the output of an optical amplifier 11, it is desirable to 
connect the wavelength good light variation filter 12 which is a wavelength selection means immediately 
after an optical amplifier 11. Moreover, it is desirable to compare the measuring beam-ed components 2 
with the modulator 13 (or non-linear optics medium) on the strength which is an optical modulator 
immediately after the wavelength good . light variation filter 12 which is a wavelength selection means, if 
there are no other conditions, and to connect the larger one of a maximum-permissible light input in it 
[0049] As stated above, it has alternatively the mode locking ring laser which can be oscillated on at least 
two kinds of known wavelength, and the measuring beam-ed components 2 which are the measuring object 
are inserted into the ring of mode locking ring laser. The equipment which measures a wavelength 
dispersion property is completed by connecting 1st means to detect a mode locking oscillation in this 
configuration, and the 2nd means for detecting the repeat frequency of the pulse of a mode locking 
oscillation. 

[0050] It explains using drawing 1 succeedingly. Drawing 1 is the example which used active mold mode 
locking ring laser as mode locking ring laser. As mentioned above, the wavelength good light variation filter 
12 is used as a wavelength selection means. Moreover, the modulator 13 on the strength is used as an 
optical modulator. 

[0051] The 2nd means for detecting the repeat frequency of the approach of detecting fundamental 
frequency, i.e., the pulse of a mode locking oscillation, using the property of a mode locking oscillation is 
explained. , 
[0052] Two kinds of the approach exists in the case where active mold mode locking ring laser is used. 
They are the 1 st approach of measuring the repeat frequency of the pulse of a mode locking oscillation, 
i.e., the repeat frequency of an output light pulse, and the 2nd method of investigating the modulation 
frequency of an optical modulator. Since the repeat frequency of an output light pulse and the modulation 
frequency of an optical modulator are completely in agreement and both give the same result, it is 
synonymous with measuring a repeat frequency to investigate modulation frequency. 
[0053] The 1st approach of measuring the repeat frequency of an output light pulse can be applied also 
when the passive mold mode locking ring laser which used the non-linear optics medium instead of the 
optical modulator is used, and it can be said at this point that it is a more general approach. 
[0054] On the other hand, although the application is limited to the example of use of active mold mode 
locking ring laser, since the 2nd method of investigating the modulation frequency of an optical modulator 
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does not need speci^Plditional equipment, it states the 2nd ap^iach, i.e., the method of investigating the 
modulation frequency of an optical modulator, by explanation of drawing 1 succeedingly. 
[0055] By the approach of investigating the modulation frequency of the modulator 13 on the strength 
which is an optical modulator, although a signal generator 14 is premised on having a means to detect the 
frequency of the signal currently outputted at the time in the external source of a signal, and the example 
of drawing 1 , the usual source of a signal is ordinarily equipped with such a means. Therefore, in the 
example of drawing 1 , it is the 2nd means for a signal generator 14 to detect the repeat frequency of the 
pulse of a mode locking oscillation. If it can check carrying out the mode locking oscillation with a means 
which adjusts signal frequency and is later expressed at this time, the signal frequency of the source of a 
signal at that time will be the modulation frequency of an optical modulator, and this frequency will be the 
fundamental frequency of mode locking ring laser, or its integral multiple again. The difference will be 
fundamental frequency, if modulation frequency is changed further and one n+1 time or n-1 time the 
modulation frequency of this is investigated, when modulation frequency is the integral multiple (they may 
be n times) of fundamental frequency. In this way, the obtained fundamental frequency is (1). It is exactly f 
of a formula. 

[0056] Hereafter, 1st means to detect a mode locking oscillation is explained. Usually, the oscilloscope 15 
connected to an optical detector 3 and it is used. However, there are various things also in this means and 
it is not, necessarily limited to the following examples. 

[0057] 1st means to detect a mode locking oscillation is connected to the ring which consists of saturable 
absorbers which are the modulator 13 on the strength or non-linear optics medium which is an optical 
amplifier 11, the wavelength good light variation filter 12 which is a wavelength selection means, the 
measuring beam-ed components 2, and an optical modulator. And a part is taken out and the light in this 
ring is led to an optical detector 3. In order to take out light from a ring in part, when it joins together with 
an optical fiber, in space association of an optical coupler, a half mirror, a beam splitter, etc. can be used 
(not shown). The output signal of an optical detector 3 is observed with the usual oscilloscope 15 etc. 
Since the above-mentioned output signal turns into a pulse signal corresponding to a light pulse train while 
carrying out the mode locking oscillation, it can distinguish easily. 

[0058] Although not needed with what needs an external trigger signal, there are two kinds of oscilloscopes 
15. Since a signal generator 14 exists as an external source of a signal in active mold mode locking ring 
laser, this signal can be used as an external trigger signal. It is the example which used the oscilloscope 15 
of the class which needs an external trigger signal in the example of drawing 1 . 
[0059] Moreover, direct observation of whether used the streak camera and the light pulse train has 
occurred may be carried out as other means to detect a mode locking oscillation, instead of using an 
optical detector 3 and an oscilloscope 15 (not shown). 
[0060] 

[Example] Hereafter, the concrete example of the wavelength dispersion measuring device of the optical 
components using the mode locking ring laser in this invention is explained. 

(The 1st example) The 1st example for measuring fundamental frequency still with high precision as 
compared with the measuring device of drawing 1 is shown in drawing 3 . 

[0061] In the 1st example, as shown in drawing 3 , a part of output signal of an optical detector 3 is 
branched, and it leads to a power meter 17 through a low pass filter 16. about [ which is the frequency to 
which the passbpnd of a low pass filter 16 is called the relaxation oscillation frequency of an optical 
amplifier 11 ] — it sets up so that several 10kHz may be passed. It is known that the low-pass power 
measured with a power meter 17 will become min at the time of a perfect mode locking oscillation (the 
stabilization process of the mode locking Er addition fiber laser by relaxation oscillation frequency 
component oppression besides Takayoshi, the 1995 Institute of Electronics, Information and 
Communication Engineers synthesis convention, B— 1 1 56). In this way, if modulation frequency is adjusted 
so that it may be in the condition of a perfect mode locking oscillation, fundamental frequency can be 
easily measured in the precision of 1Hz. In addition, the configuration of others of drawing 3 R> 3 is 
completely the same as that of the measuring device of drawing 1 . 

[0062] As you explained above, suppose that the fundamental frequency f corresponding to a certain light 
wave length lambda was measured. Next, the wavelength of the light which goes the inside of a ring around 
is changed to lambda+**lambda with a wavelength selection means. By the same principle as the 
measuring method in the conventional technique, if wavelength dispersion is in the measuring beam-ed 
components 2, the light wave length of the measuring beam-ed components 2 will change, and fundamental 
frequency will change, if fundamental-frequency f+**f which changed is measured — the following and 
conventional technique — the same — carrying out — (5) All variance or (7) types — is calculated for 
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wavelength dispersio^_^ the formula. 

[0063] That is, the wavelength dispersion property of the measuring beam-ed components 2 can be 
searched for from the frequency corresponding to the class of wavelength detected by the 2nd means for 
detecting the repeat frequency of the pulse of a mode locking oscillation corresponding to at least two 
kinds of known wavelength, and two kinds of such known wavelength. 

[0064] Here, it is (4). Group delay difference **tau obtained by the formula is group delay difference 
**tauM only by the measuring beam-ed components 2. Group delay difference **taul_ by mode locking ring 
laser component parts other than measuring beam-ed components It is the sum and is this group delay 
difference **tauL It becomes a measurement error. Therefore, the next proofreading is carried out to 
stricter measurement. 

[0065] The incidence edge and outgoing radiation edge of the measuring beam-ed components 2 are 
combined, the mode locking ring laser except the non-measuring beam components 2 is constituted, and 
the same measurement as the above is performed. (4) at this time the value acquired by the formula — 
**taul_ it is — therefore, **tau to this **tauL obtained when measuring beam-ed components were 
actually inserted deducting — **tauM It asks. **tauM and (5) From a formula, the wavelength dispersion of 
only the measuring beam-ed components 2 is obtained. 

[0066] In addition, even if it short-circuits the incidence edge and outgoing end of non-measuring beam 
components similarly in the conventional technique, since a frequency becomes high repeatedly from the 
time of original measurement when the whole optical length became short, the group delay property of an 
electrical circuit cannot be proofread. 

[0067] By the way, as the item of the conventional technique also described, wavelength dispersion is 
mathematically expressed with the differential to the wavelength of a group delay difference. Although a 
measuring method of wavelength dispersion with which this amount of differential is obtained directly also 
exists and that approach may be used, with the gestalt of operation of this invention, a group delay 
difference is measured directly, the approximate expression with which the approach described so far 
replaced the differential to the wavelength of a group delay difference to difference — and it is the 
approach of asking for wavelength dispersion only from the measurement in two kinds of different 
wavelength. . 

[0068] However, if the number of the wavelength which measures a group delay difference (or fundamental 
frequency) is made [ more ] than two kinds and the fundamental frequency corresponding to each 
wavelength is measured, respectively, an approximate precision will improve, for example, 3 kinds of 
wavelength lambda-** — lambda, lambda, and lambda+**lambda — respectively — corresponding — 
fundamental frequency — f-**f1, f, and f+**f2 Suppose that it was measured. Wavelength dispersion D of 
the measuring beam-ed components 2 in wavelength lambda if 3 sets of these measured value is 
approximated with a secondary function D**-(**f2+**f1)/(2xf2 xLx**lambda) — (8) It is calculated. 
Moreover, all the variance Da is (7). It corresponds to a formula. Da**-(**f2+**f1)/(2xf2 x**lambda) — (9) 
It is calculated. 

[0069] In addition, (5) in case there is 2 sets of measurement An equation or (7) An equation and (8) in 
case there is 3 sets of measurement An equation or (9) Although the method which an operating personnel 
calculates after measurement is sufficient as a means to calculate wavelength dispersion or all variance by 
the equation and the formula corresponding to it in case there is much measurement further,, naturally 
including in a measuring device is also possible. 

[0070] (The 2nd example) Drawing 4 is the 2nd example of the wavelength dispersion measuring device of 
the optical components which used the mode locking ring laser of a passive mold. 
[0071] In this 2nd example, the saturable absorber 18 is used as a non-linear optics medium. Since an 
external trigger signal cannot be used when using an oscilloscope 15 as 1st means to detect, a mode 
locking oscillation, it is necessary to use the oscilloscope 15 of the class which does not need an external 
trigger signal. 

[0072] Moreover, as the 2nd means for detecting the repeat frequency of the pulse of a mode locking 
oscillation, i.e., a means to measure fundamental frequency, it carries out by the approach of measuring the 
repeat frequency of an output light pulse. For that purpose, after changing a light pulse train into an 
electrical signal with an optical detector 3, while making it dichotomize and observing a wave in 
oscilloscope 15 grade, the repeat frequency of an electric pulse train is measured using frequency counter 
10 grade. This repeat frequency is in agreement with the fundamental frequency of the ring of mode locking 
ring laser as mentioned above. The count approach of modification of the following and wavelength and 
wavelength dispersion is the same as the explanation in the gestalt and the 1st example of operation. 
[0073] 
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[Effect of the Invent^Pln the wavelength dispersion measurinf^vice of the optical components using 
the mode locking ring laser of this invention, since the part which constitutes-a ring was constituted only 
from light, the error by the frequency response characteristic of the electrical signal in the optical detector 
3 in the conventional technique, the filter 4 for band passes, amplifier 5, and an amplitude limiter 6, 
especially the dependency over the frequency of a group delay is not generated. 
[0074] Although optical components, such as the wavelength good light variation filter 12 and the 
modulator 13 on the strength, are added and it may have the wavelength dispersion property which cannot 
be disregarded in these measuring to the conventional technique in this invention, if the procedure 
currently explained by the term of proofreading in that case is followed, the strict wavelength dispersion of 
only the measuring beam-ed components 2 will be called for. On the other hand, it is very difficult to avoid 
the problem of the frequency response characteristic of an electrical signal with the conventional 
technique. 

[0075] Next, the modulation frequency of mode locking ring laser is very sensitive to the fundamental 
frequency of the circumference of light. If the above means are used, it is easy to measure frequency 
variation **f in the precision of 1Hz. In order for the conventional technique to attain the comparable 
accuracy of measurement, technique, such as equalization of much measured value, had to be used and 
measurement had taken time amount. In this invention, such highly precise measurement can be easily 
performed in a short time. 

[0076] Moreover, it also has another effectiveness by this invention being a method which makes all ring 
parts go around with light That is, adjustment of each part article of the electric section which was the 
technical problem of the conventional technique becomes unnecessary, and the ease and objectivity of 
measurement are increasing. 

[0077] Furthermore, in this invention, it has the effectiveness that the adjustable range of light wave length 
is wide, to the conventional technique by using the optical amplifier 1 1. If it combines with a suitable 
optical filter as described by explanation of an optical amplifier 11, the adjustable range of 50-1 OOnm light 
wave length will be obtained. It can be said that this property is sufficient adjustable range in the design of 
an optical transmission system etc. Also about the photoelectrical force which carries out incidence to the 
measuring beam-ed components 2, it can change by adjusting the gain of an optical amplifier 11, and 
measurement in the form near a more nearly actual service condition is possible. 

[0078] Naturally measurement of group delay frequency characteristics is also possible. That is, it is (4) by 
measuring fundamental frequency f and f+**f in at least two different wavelength. A group delay difference 
is calculated from a formula. The effectiveness over the conventional technique in group-delay 
measurement can point out the same point as the effectiveness over the conventional technique of this 
invention in wavelength dispersion measurement 

[Translation done.] , 
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* NOTICES * ^ ^ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated.. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the wavelength dispersion measuring device of the optical components 

using the mode locking ring laser concerning the gestalt of operation of this invention. 

[Drawing 2] It is drawing for explaining the relation between a mode locking oscillation and a light pulse 

train. 

[Drawing 3] It is drawing showing the wavelength dispersion measuring device of the optical components 
concerning the 1st example which can realize high precision measurement of the fundamental frequency in 
this invention. It is drawing showing an example. 

[Drawing 4] It is drawing showing the wavelength dispersion measuring device of the optical components 
using the mode locking ring laser concerning the 2nd example using the mode locking ring laser of the 
passive mold in this invention. 

[Drawing 5] It is drawing showing the wavelength dispersion measuring device of the conventional optical 
components. 

[Description of Notations] 

2 Measuring Beam-ed Components 

3 Optical Detector 

1 0 Frequency Counter 

1 1 Optical Amplifier 

12 Wavelength Good Light Variation Filter 

13 Modulator on the Strength 

1 4 Signal Generator 

15 Oscilloscope 

1 6 Low Pass Filter 

1 7 Power Meter 

18 Saturable Absorber 

[Translation done.] 
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